The physical properties of crystals depend on their chemical composition and their molecular and crystal structure. The presence of donor amino groups (NH 2 ) and acceptor nitro groups (NO 2 ) in a molecule can increase the molecule's non-linear optical (NLO) properties.
A main problem in materials science is understanding the interdependence between a crystal's chemical composition and molecular or crystal structure and its physical properties. To study chemical composition, initial materials can be chosen to include functional groups that will contribute to increasing of nonlinear optical (NLO) properties of a crystal. L-nitroarginine and its associated salts are known to have strong NLO properties due to the acceptor nitro groups (NO 2 ) and donor amino groups (NH 2 ) in their structure [1] [2] [3] [4] [5] . L-nitroarginine in a strong alkaline medium (MOH (M=K,Na,Li) cycles to produce L-2-nitrimino-1,3-diazepane-4-carboxylic acid (L-NID-CA⋅H 2 O or L-NIDCA) [6, 7] . The metallic salt M L-nitrimino-1,3-diazepane-4-carboxylic (ML-NIDC(K(L-NIDC)⋅H 2 O,Na(L-NIDC),Li(L-NIDC)) crystallizes from an equal-molar-ratio water solution of L-nitroarginine and alkali by slow evaporation. Both L-NIDCA⋅H 2 O and L-NIDCA crystals and the associated salts have strong NLO properties.
Using K(L-NIDC)⋅H 2 O, K(L-NIDC) metallic salts, we propose a new method for obtaining L-nitrimino-1,3-diazepane-4-carboxylic acid. In this method, a water solution of K(L-NIDC)⋅H 2 O or K(L-NIDC) compounds, the potassium interacts with HBF 4 acid to produce KBF 4 salt that precipitates out of the solution due to its low solubility (0.44 g/100 g at 20°C).
After removing this precipitate, L-NIDCA⋅H 2 O crystallizes from an aqueous solution by slow evaporation at room temperature. This method differs from the method reported previously [8] .
L-2-nitrimino-1,3-diazepane-4-carboxylic acid was first obtained in 1961 [8] by using a method proposed in 1948 [9] . Its molecular structure was determined by chemical method [8] , and in 2008 the structure of L-NIDCA was confirmed by X-ray structural analysis [6, 7] . The salt K(L-NIDC)⋅H 2 O crystallizes in the I222 space group [10] . A crystal with such symmetry and the associated anhydrous crystal (KL-NIDC) are interesting for their potential nonlinear response.
Spectral and structural studies of hydrated and anhydrous crystals of potassium L-2-nitrimino-1,3-diazepane-4-carbocylate have succeeded in assigning characteristic absorptions bands to functional groups.
The second-harmonic generation activities of hydrated and anhydrous crystals of potassium L-2-nitrimino-1,3-diazepane-4-carboxylate have been explained in terms of the crystals' structural peculiarities.
The thermal properties of hydrated and anhydrous crystals of potassium L-2-nitrimino-1,3-diazepane-4-carboxylate have also been studied.
Experimental
L-nitroarginine was used as the initial reagent, and was obtained by direct nitration of powder L-arginine («Sigma Aldrich,» [linear formula -H 2 NC(=NH)NH(CH 2 ) 3 CH(NH 2 )CO 2 H, molecular weight -174.20, ≥98 %, TLC, form -powder, colorwhite, melt point -222°C, solubility -H 2 O:50 mg/ml]) [11] . From a water solution of 1:1 molar ratio made of L-nitroarginine and MOH, ML-2-nitrimino-1,3-diazepane-4-carboxylate metallic salts (M(L-NIDC)⋅H 2 O) were crystallized at room temperature via slow evaporation. The infrared spectra of the metallic salts of these anhydrous compounds were obtained by dehydration.
Attenuated total reflection Fourier transform infrared (FT-IR ATR) spectra were registered using a Nicolet Nexus FT-IR spectrometer equipped with a ZnSe prism (4000…650 cm Thermal properties have been studied in the temperature range 20-500°C using a Paulik-Erdey type derivatograph (MOM, Hungary). For the study of K(L-NIDC)⋅H 2 O crystals, a sample with mass of 96 mg was used and was heated at a rate of 5°/min. For K(L-NIDC) crystals, the sample had mass of 100.5 mg and was heated at the rate of 5°/min.
Tests with a Boethius-type microscope equipped with a heating stage were performed in the temperature range of 20…350°C.
For the evaluation of SHG activity, a modified version of the powder method [12] was used (Qswitching Nd: YAG pulse laser (20 ns pulse duration and 8Hz frequency) with wavelength λ=1.064 μm).
Results and Discussion

Crystal structure
In a strong alkaline medium (MOH (M=K,Na,Li), 
Thermal properties
The process of dehydration and the thermal properties of the K(L-NIDC)⋅H 2 O crystal (Fig. 2) were also addressed in our study. In the thermogravimetric curve, we can see that along with the increase in temperature the absorbed humidity desorbs at first, and then the main process of dehydration takes place from 97 up to 126°C. From the differential thermal analysis (DTA) curve, we can see that the dehydration process is endothermic, as expected. The TG curve shows that the total dehydration is 6 % of the sample mass, which corresponds to the calculated value (6.9 %). Tests of the thermal properties using a heating-stage microscope showed that the dehydration process starts at 104°C and further heating decomposes the substance. The infrared (IR) absorption and Raman spectra of K(L-NIDC)⋅H 2 O and K(L-NIDC) crystals are shown in Fig. 3 [13] , which correspond well with the observed values. We assign the intensive absorption bands with peaks at 3484 and 3362 cm Raman line. As a rule, the ν(CH) stretching vibrations of the CH and CH 2 groups are expressed through intense lines in the Raman spectrum, unlike the IR spectrum. Therefore, the Raman lines in the 2992-2870 cm -1 (Fig. 3) and 2998-2863 cm -1 (Fig. 4) ranges and the respective absorption bands are assigned to stretching vibrations of the C-H bonds.
In the IR and Raman spectra we assign the wellexpressed 1618 and 1606 cm In the IR spectrum, the asymmetric and symmetric stretching vibrations (ν as (NO 2 ) and ν s (NO 2 )) of the nitro group, characterized by absorption bands, are relatively intense. In the Raman spectrum, however, the relatively intense lines characterize the symmetric stretching vibrations of the nitro group [14, 16] . Often, the absorption band in the IR spectrum that characterizes the symmetric stretching vibrations of the nitro group is split into two bands near 1300-1360 cm -1 [14] . In cyclic nitro compounds, if the nitro group is linked to a ring with a-N-NO 2 type bond, then ν as (NO 2 ) vibrations are in the The deformation vibrations of the nitro group (δ(NO 2 )) in the IR spectrum are well-expressed, but they are not often expressed in the Raman spectrum, so we assign the absorption band with a peak at 826 cm
for the K(L-NIDC) crystal.
Relation between nonlinear activity
and crystal structure
Crystals that contain an acceptor nitro group (NO 2 ) and a donor amino group (NH 2 ) may possess strong NLO properties. Some monohydrate compounds also have strong NLO properties [17] . Evaluation of SHG intensities showed that the K(LNIDC) crystal demonstrates the expected high-intensity SHG (2.75 times that of KDP), while the K(L-NIDC)⋅H 2 O crystal exhibits low SHG intensity (four times less that of KDP). The low SHG intensity of the K(L-NIDC)⋅H 2 O crystal is explained by the features of its structure. Despite its lack of centrosymmetry, the structure can be thought of as pseudo-centrosymmetric [15] . Determination of the crystal structure showed that the K(L-NIDC)⋅H 2 O crystal has an orthorhombic noncentrosymmetric I222 space group with eight molecules (K + (L-NIDC) -) in the unit cell (Fig. 5) . In the non-centrosymmetric K(L-NIDC)⋅H 2 O crystal, the positioning of these eight molecules is such that the structure is nearly centrosymmetric (Fig. 5) ; otherwise it has pseudocentrosymmetry.
The pseudocentrosymmetric structure in the turn of the crystal explains its low NLO efficiency [15] .
Conclusions
The physical properties of crystal salts K(L-NIDC)⋅H 2 O and K(L-NIDC) obtained from L-nitroarginine derivatives (K(L-NIDC)⋅H 2 O) were studied to reveal the influence of crystal and molecular structure on the crystals' nonlinear properties. K(L-NIDC)⋅H 2 O and K(L-NIDC) crystal IR and Raman spectra were measured, and considering our focus on the structure, functional groups were a central focus. We found that the K(L-NIDC)⋅H 2 O crystal is stable up to 60°C and possesses pseuodocentrosymmetry, explaining its low NLO transformation efficiency. The K(L-NIDC) crystal is stable up to 97°C and it may lack pseudocentrosymmetry, explaining its strong NLO properties.
